A NOTABLE cHAPTER in the long history of human bladder stone has been contributed from Norwich and its county of Norfolk and this came about for several reasons. The main reason was that Norfolk enjoyed the unenviable reputation during the latter part of the eighteenth and throughout the nineteenth centuries of having the highest incidence of bladder stone among its inhabitants of any county in Great Britain. As a result of this high prevalence of bladder stone a local tradition of surgical skill in the art of lithotomy emerged and when the first general hospital in Norfolk, the Norfolk and Norwich Hospital was founded in 1771-2 there were appointed to its surgical staff local surgeons who were most experienced lithotomists. Their skill was passed on to those who followed them and earned for the hospital a European reputation for its standards of lithotomy. Sir Astley Cooper" when at the height of his professional fame and influence in 1835 spoke of these standards as follows, 'the degree of success which is considered most correct [for lithotomy] is that taken from the results of the cases at the Norfolk and Norwich Hospital'.2 There were not only able lithotomists on the early staff of the Norfolk and Norwich Hospital but also physicians who wrote on the medical aspects of bladder stone with special reference to the problems of incidence and chemical analysis. These writings were based on the registers of admissions to the hospital which were kept from the hospital's inception.
A NOTABLE cHAPTER in the long history of human bladder stone has been contributed from Norwich and its county of Norfolk and this came about for several reasons. The main reason was that Norfolk enjoyed the unenviable reputation during the latter part of the eighteenth and throughout the nineteenth centuries of having the highest incidence of bladder stone among its inhabitants of any county in Great Britain. As a result of this high prevalence of bladder stone a local tradition of surgical skill in the art of lithotomy emerged and when the first general hospital in Norfolk, the Norfolk and Norwich Hospital was founded in 1771-2 there were appointed to its surgical staff local surgeons who were most experienced lithotomists. Their skill was passed on to those who followed them and earned for the hospital a European reputation for its standards of lithotomy. Sir Astley Cooper" when at the height of his professional fame and influence in 1835 spoke of these standards as follows, 'the degree of success which is considered most correct [for lithotomy] is that taken from the results of the cases at the Norfolk and Norwich Hospital'.2 There were not only able lithotomists on the early staff of the Norfolk and Norwich Hospital but also physicians who wrote on the medical aspects of bladder stone with special reference to the problems of incidence and chemical analysis. These writings were based on the registers of admissions to the hospital which were kept from the hospital's inception. The keeping of a hospital register was an uncommon practice at the turn of the eighteenth century as is revealed by Alexander Marcet3 in a monograph on calculous disease of the urinary tract which he published in 1817. Marcet wrote 'In my enquiries I have met with great disappointments . . . it will appear scarcely credible that in the larger hospitals in London, St. Bartholomew's, St. Thomas's, Guy's and the London Hospital, no regular or at least no ostensible records of the cases of lithotomy which occur in them should be preserved. It is with great pleasure, however, that I am enabled to mention one striking exception to this unaccountable oversight in public hospitals. The Norfolk and Norwich Infirmary [Hospital] in this and several other respects, stands as a model of regularity and good management'.4 The final reason for Norwich and Norfolk acquiring their reputation in the field of bladder stone is that from the foundation of the Norfolk I Sir Astley Cooper (1768-1841) was born at Brooke, seven miles from Norwich. He was a pupil at the Norfolk and Norwich Hospital and maintained an association with the hospital throughout his life. A. Batty Shaw, 'Astley Cooper, his Norfolk origins and associations', Guy's Hosp. Rep., 1968, 117, 169-92. A. Batty Shaw and Norwich Hospital all the bladder stones that were removed in its practice were preserved. Many other hospitals at this time made collections of bladder stones, as did individual surgeons, but the collection at Norwich achieved a special reputation as it contained all the stones removed at one hospital in an area where the incidence of bladder stone was high. Jean Civiale of Paris described it in 1838 as 'la belle et riche collection de Norwich'5 and Sir Henry Thompson of University College Hospital, one of the leading European urologists of his day6 wrote of it in 1863 as 'the most perfect and complete record, literally graven in stone, that the world possesses of calculous experience'.7 The passage of the nineteenth century saw the revolution brought about by the introduction of anaesthesia and antisepsis together with other advances in medical science. Surgical techniques changed and the classical operation of lateral lithotomy for the removal of bladder stones was succeeded by lithotrity, litholapaxy and suprapubic cystolithotomy. But throughout the nineteenth century Norwich maintained its reputation as a leading centre in the practice of the surgery of bladder stone until at the beginning of the twentieth century the epidemic of bladder stone which had affected Norfolk for at least two centuries ended for a reason not understood at the time and still defying accurate scientific explanation.
The purpose of this essay is to give an account of the history of bladder stone in Norfolk beginning with the records of the seventeenth and early eighteenth centuries. These provide a number of illustrations of the changing practice in the management of bladder stones and a background to an account of bladder stone at the Norfolk and Norwich Hospital from its opening in 1772 until such stones disappeared from Norfolk in approximately 1909. The account of bladder stones in Norfolk between 1772-1909 is based on the registers of the cases which were operated on at the hospital during this period. These registers have survived together with the hospital's collection of bladder stones from approximately fifteen hundred cases which occurred in the practice of the hospital during the same period. It was for its contribution between 1772-1909 that the Norfolk and Norwich Hospital achieved its greatest fame in bladder lithology and for which the name used as a title to this paper, 'The Norwich School of Lithotomy', has been proposed. The title is deemed appropriate for a contribution to the study of bladder stone in Great Britain which was as important as that of its contemporary, 'The Norwich School of Painting', to landscape painting in the history of British art.
BLADDER STONE IN NORFOLK IN THE SEVENTEENTH CENTURY
In the seventeenth century Norfolk was among the most prosperous of the English counties. Its farmers produced large quantities of corn and reared sheep; a further source of prosperity was its weaving industry. Through the ports of King's Lynn and Great Yarmouth a rich sea-borne trade, greater than that of London, was conducted with the great cities of the Low Countries.8 Norwich was the centre of a thriving province, its ecclesiastical capital and probably still the second largest city in the 1 f J. Civiale, Traite' de l'Affection calculeuse, Paris, Crochard, 1838, p. 686. 6 
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The Norwich School of Lithotomy realm after London9 as it had been since the Middle Ages. 10 Isolated accounts of bladder stone in East Anglia can be traced prior to the seventeenth century but it is in this century that the first reliable accounts are to be found. Most cases of bladder stone went unrecorded for, as in the rest of England and throughout Europe, the treatment of bladder stone was then largely in the hands of those who administered quack medicines or who practised as strolling lithotomists. The surgery of bladder stone was both dangerous in its execution and uncertain in its results and most qualified surgeons were glad to obey the injunction of Hippocrates that surgeons should abstain from lithotomy. But lithotomy was not entirely the preserve ofunqualified surgeons, often swine-gelders, at this time. Fabricius Hildanus1 published at Basle at the beginning of the seventeenth century a work on bladder stone describing the five different types of operation which qualified surgeons then carried out for stone and which were practised in the main centres of Germany, Italy, France and Switzerland.12 The contemporary position in England is illustrated by the practice of St. Bartholomew's and St. Thomas's Hospitals, then London's only two general hospitals. In 1612 the Governors of St. Bartholomew's Hospital felt it their duty not to deny to the poor for whom they cared the relief which a lithotomy could provide and in that year appointed the first of a succession of lithotomists to the hospital, the appointment being distinct from and additional to the appointment of surgeon.13 At St. Thomas's Hospital there was also a separate office of 'cutter for stone' which could be held other than by a surgeon on the hospital's staff until 1705.14 A surgeon to St. Thomas's Hospital, Thomas Hollyer,15 considered to be the most experienced operator of his day in London, performed a lithotomy on Samuel Pepys in 1658. This operation was performed in a private house when Pepys was twenty-four years of age and a stone the size of a tennis ball was removed from his bladder. 16 The successful outcome of this operation was the exception rather than the rule and even such an experienced lithotomist as Hollyer who performed thirty-four lithotomies at St. Thomas's Hospital in 1661 lost a number of his cases from haemorrhage and infection. But these examples illustrate that the surgery of bladder stone was passing into the hands of qualified and reputable surgeons.
In the seventeenth century Norwich had no hospitals other than the charitable and religious institutions known by that name which cared for the poor and infirm. There are therefore no records from local hospitals in the modern sense of the word which are available for examination. But in its civic records Norwich possesses an account of a series of bladder stone patients treated by lithotomy which is thought to be unique in Great Britain. This series appears in the civic records because throughout
The procedure for the care of these patients with bladder stone was that an alderman would first present the case to his Court. If the Court was then satisfied of the need for treatment it would authorize the alderman to seek permission from the Bishop of Norwich for a collection to be made in the parish church of the ward, by a house to house collection, or in the case of the poorer wards for a collection in the parish churches of neighbouring wards. The money having been collected it was then usually presented by the Mayor's sword-bearer to the Court who decided how the money should be distributed between the surgeon's fee and family expenses such as linen and the after-care of the patient. 
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The Norwich School of Lithotomy deceased wife of a Bury St. Edmund's locksmith. Soon after this event Charles II was on one of his visits to Newmarket, heard of the stone and its great sizeM and asked to be shown it. The stone was kept for many years in the library of Trinity College, Cambridge, and was later given to the Department of Pathology of Cambridge University.25 No mention is made in the Norwich civic records of the type of lithotomy that was performed on the patients to whom the entries in the Mayor's Court books refer. Williams suggested that they were all operated on by the Marian operation but it is possible that the Celsian operation may have been that which was used. In essence the Celsian operation consisted of applying abdomiital compression to drive the bladder stone into the pelvis, making a perineal incision and then an incision into the bladder wall over the stone and removing the stone by a hook or with the finger. It was named after Celsus who lived in Rome between 25 B.C. to A.D. 50 and was also known as the Lesser operation, Apparatus Minor or Cutting on the Gripe. Among its limitations was that it could only be undertaken in boys, but it was the only operation for bladder stone that was practised for fifteen hundred years. In 1535 Marianus Sanctus Barolitanus, a Neapolitan, described a second operation which was named after him the Marian operation, but was really the invention of his master Johannes de Romanis, and which was also known as the Greater Operation, Apparatus Major or Median Lithotomy. In this operation, which could be performed in adults as well as children, a urethral staffwas used to guide the operator to the bladder neck. Through a median perineal incision, the membranous urethra was divided and then a robust pair of metal instruments, called conductors, were forced through the prostatic urethra and bladder neck which were forcibly dilated until the passage was wide enough to permit extraction of the stone. It was later called by Civiale one of the 'most terrible operations' in surgery, an ordeal alike for surgeon and patient. The mortality was high and much local damage was incurred by the urethra and bladder neck but it remained the most frequently performed operation for stone from the sixteenth until the end of the seventeenth century. It was the operation that Pepys underwent for the removal of his bladder stone and as a result of which his vasa deferentia were damaged and Pepys was rendered permanently sterile but not impotent.16 But because of the terrors of the Marian operation, the Celsian operation was still performed on children in the seventeenth century and may have been the procedure adopted for the relief of the 'poor boys' of Norwich.
The Norwich civic records refer only to the presence of stone among the poor. Among the upper classes stone was common during the seventeenth century but practically always in men and not women and virtually never in boys. As and an account of his suffering from stone is recorded on his tomb in the local parish church.27 After his death the bladder stone was kept by his family until 1869 when his descendants presented it to St. Thomas's Hospital, of which Sir Thomas Adams had been President,28 and where it remained until recent years when it had to be removed with other historical specimens when alterations were made to the hospital museum. Though Adams' home at Spixworth was only a few miles from Norwich there is no record that he ever consulted the most famous Norwich doctor of the seventeenth century, Sir Thomas Browne, about it, though Browne may have attended him for he was both medical adviser and friend to Sir Thomas Adams' son and daughter-in-law. 29 The writings of Sir Thomas Browne (1605-1682) provide another source of information about stone in Norfolk during the seventeenth century. Browne's patients included the poor of Norwich30 and those of the upper classes whose symptoms and treatment he would often discuss by letter as exemplified in his correspondence with Sir Hamon L'Estrange of Hunstanton, the victim of a bladder stone.31 Browne also treated two bishops of Norwich for bladder stone, Joseph Hall, bishop from 1641-165632 and Anthony Sparrow, bishop from 1676-1685.3 These two bishops held office for the latter part of the period 1593-1682 which contained the thirty-two cases of bladder stone, mainly among 'poor boys' of Norwich' and the bishops were no doubt sympathetic to the approaches from the aldermen for permission to hold collections for the relief of those in their wards suffering from bladder stone. But neither in Hall's nor in Sparrow's case, nor in others in adults which Browne discusses, is the question of operation considered-it was too dangerous. Two The Norwich School of Lithotomy standard procedure for the removal of bladder stone. But both in London and the provinces it took time before Cheselden's method was generally adopted. No contemporary could match his surgical skill and lithotomy was a hazardous operation when performed by most surgeons of the day.43 Since lithotomy was so hazardous the medical treatment of stone still had its advocates and with advances in chemistry this was now attempted on a scientific basis. The story of bladder stone in Norfolk during the first seventy years of the eighteenth century contains accounts of the use of lithontryptics but the main theme was the gradual adoption of Cheselden's method of lateral lithotomy. In 1700 the treatment of stone was little changed from that practised in the days of Sir Thomas Browne; by 1772, when the Norfolk and Norwich Hospital opened, all the early cases of stone were treated by Cheselden's operation. Many factors in addition to the work of Cheselden contributed to this change. The education and training of doctors improved, the teaching of John Hunter (1728-90) placed surgery on a scientific basis and the building of a local hospital in Norwich reflected the humanitarian and philanthropic movement of the eighteenth century with its concern for the needs of the sick and the poor.
At the beginning of the century the Reverend Thomas Prideaux, Dean of Norwich Cathedral, developed symptoms of bladder stone; these symptoms he described in all their painful detail in a diary which is preserved in the Muniment Room of the cathedral he served so well. When Prideaux first fell ill he was advised that an operation for the removal of his stone was too dangerous but his symptoms later became so severe that in 1711 Prideaux decided that the risk would have to be taken. Five pages of his diary record the instructions given and the preparations made should he die under the operation. This was performed in the Dean's house in the Close by John Salter, lithotomist and surgeon to St. Bartholomew's Hospital from 1696-1721" and a stone the size of a 'sheep's kidney' was successfully removed in less than three minutes: Salter returned to London a week later entrusting Prideaux's care to Mr. Pell, one of his former students at St. Bartholomew's Hospital who was in practice in Norwich.45 The Dean's later progress was unsatisfactory and after twelve months he recorded that he was 'suffering as much as he had before the stone'. A consultation was arranged with Salter in London where Prideaux was conveyed by a litter; Salter found, according to Prideaux, 'that the urethra was destroyed thro' [the] 
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A. Batty Shaw months' treatment from Salter, Prideaux returned to Norwich 'in a very miserable condition ... without any hope of having a remedy'. Prideaux was in no doubt that Pell was responsible for his perineal fistula but it is possible that the urethra may have been damaged when Salter operated in pre-Cheselden days by the Marian operation. Prideaux's personal account of what he termed 'the calamitous distemper of the stone' provides a vivid picture of the suffering that a stone victim might endure and is given in some detail to illustrate this point. After his operation Prideaux was unable to preach from the pulpit or take services but lived for twelve further years attending assiduously to Chapter affairs and writing his greatest literary work The Relationships between the Old and New Testaments.46 In 1712, the year after Dean Prideaux's operation, an Act of Parliament was passed which established boards of Guardians for the care of the poor and sick. In Norwich responsibility for their care was thereby transferred from the Mayor's Court to a newly-constituted Corporation of Guardians of the Poor of Norwich. Four workhouses, administered by the Guardians, were provided in the city of Norwich and their records contain accounts of persons suffering with stone and treated by lithotomy in the workhouse infirmary. The operations were usually performed by surgeons in the regular salaried employment of the Guardians, e.g. John Amyas and David Martineau, but some of the operations were performed by local surgeons not in such employment, for example John Harmer and Benjamin Gooch, two leading Norfolk lithotomists of the period.47 There are records of other local lithotomists of the period among whom the Reverend Thomas Havers of Stoke Holy Cross, near Norwich" is of special interest for after his death in 1719 a tablet was erected to his memory which depicted in stone the instruments that he used for lithotomy and this memorial can still be seen on the south wall of Stoke Holy Cross church. The Norwich School of Lithotomy survives in fair-posters and advertisements in local newspapers.s0 A frequentlyadvertised lithontryptic was Mrs. Stephen's medicine a well-known remedy for stone in the eighteenth century; its contents remained secret until 1739 when Mrs. Stephens was paid £5,000 by Act of Parliament for disclosing them.51 The Reverend Stephen Hales (1677-1761) was then among those who set about investigation of its active principle52 and his experiments on human urinary tract stones indicated that this was soap-lye.53 As a consequence James Jurin (1684-1750), physician to Guy's Hospital and President of the Royal College of Physicians of London in the year of his death, introduced his lixivium lithontrypticon containing soap-lye with which he gained a great reputation." Jurin prescribed this medicine when he was called in consultation by John Ranby (1704-1773), a leading London surgeon of the day and sergeantsurgeon to King George II, to advise on the treatment of the First Earl of Orford, formerly Sir Robert Walpole (1678-1745), who was the victim of bladder stone. After the fall of his Whig ministry in 1742 the Earl of Orford retired to his family home at Houghton, Norfolk, which he had rebuilt and furnished in great taste and style and where, two years later, he first developed symptoms of bladder stone. Operation was not advised by Ranby and hence Jurin was consulted, but the effect of Jurin's lixivium lithontrypticon, whether post or propter hoc was disastrous and the Earl died soon after. Prior to his death the Earl of Orford made an express wish that Ranby should publish a full account of his case so 'that Mankind might reap the proper benefit from a Relation of that Nature, and Physicians be deterr'd for the future from enterprizing with such Edged-Tools, as in his opinion, was the Lithontropic Lixivium'. The Earl of Orford was in no doubt, nor were his relatives, that the lixivium had caused his death, and when Ranby published a full account of the Earl's illness it appeared as a public accusation of Jurin, who made an 'anonymous' reply. This interchange became a medical cause celbre of the mid-eighteenth century but it has had the benefit of leaving for posterity a full case-history of the former prime minister and his treatment for bladder stone. Ranby's monograph included the reports he received from Mr. G. Hepburn, the Earl of Orford's Norfolk doctor, and the autopsy findings of a severe cystitis, 'prostate glands [which] were enlarged and harder than they commonly are'56 with about thirty small bladder stones.6 Three 60 C. Williams 6' A solution of potash formerly used to dissolve ofls and fats to make soap.
A. Batty Shaw years after the death of the Earl of Orford his younger brother, the Rt. Hon. Horatio Walpole, later first Baron Walpole of Wolterton (1678-1757),"7 gave two personal accounts of his symptoms of bladder stone to meetings of the Royal Society.58 He reported his history and that he had been persuaded by a friend, Lord Harrington, to take the lime-water treatment introduced by Robert Whytt (1714-66), Professor ofMedicine at Edinburgh University.59 Walpole's family had understandably entreated him not to take this treatment, but such advice did not prevail for he found he obtained great benefit from the lime-water, continuing to take it for seven years until his death at the age of seventy-eight years. Again there was an autopsy examination, showing the presence of three bladder stones and 'a glandular prostate of large size but not distempered', and the findings, with comments by Robert Whytt, were given to the Royal Society by Sir John Pringle." The brothers were grandsons of Sir Edward Walpole whose treatment for bladder stone with Goddard's Drops has been recounted and their mother suffered with the sanie complaint.6' Their case-reports were an important contribution to the medical literature of bladder stone in the eighteenth century and no doubt there were others in Norfolk who were treated with the same lithontryptics as prescribed for the Walpoles by the leading London and Edinburgh physicians of the day." " The Rt. Hon. Horatio Walpole, first Baron Walpole of Wolterton, Norfolk, was Member of Parliament for Norwich from 1756 until his elevation to the peerage in 1756 and had a distinguished career as a politician and diplomatist in his elder brother's Whig administration. His country seat was at Wolterton, Norfolk and in his own account of his case (fn. 58) he records how he could drive in a coach round the grass of his Norfolk home without pain from his stone, whereas pain was readily provoked by a drive over the cobbled streets of London.
The 166-7. ' It is also of interest in describing 'an original method' for dealing with the perineal fistula, which, like Dean Prideaux, followed the lithotomy. The gardener 'endeavoured to tempt a little favourite dog to lick the parts and in a short time he was so well instructed in his business that whenever his master laid down and uncovered them he immediately went to work with his tongue which afford a pleasing sensation .... As long as he lived his dog was his surgeon and kept the wound tolerably clean and easy to his great comfort and satisfaction', B. Gooch, ibid., p. 167.
I 
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A. Batty Shaw eighteenth century70 and he was an ingenious designer of 'machines' and instruments. The splint of canvas and strips of wood which he devised for the treatment of fractures was named after him Gooch's splint and remained in use for two centuries. His writings contain accounts of lithotomy7l and he appears to be the first, or one of the first, to have removed a bladder stone by vaginal cystotomy.72 In addition to these contributions Gooch played an important role in the foundation of the Norfolk and Norwich Hospital in 1771-2, first in association with William Hayter, Bishop of Norwich, and then with William Fellowes, squire of Shotesham, the hospital's founder. At the request of Bishop Hayter, Gooch visited all the hospitals in London in order to study their working and design; his reports were used as the basis for designing and organizing the Norfolk and Norwich Hospital and when it opened Gooch was appointed the first consulting surgeon. By this time Norfolk lithotomists were practising the operation which Cheselden had devised and from among them the leading exponents were selected for appointment to the hospital's surgical staff.73 BLADDER STONE AT THE NORFOLK AND NORWICH HOSPITAL, Norwich achieved its greatest fame as a centre of bladder stone from and for its contribution to lithology during this period the title of the Norwich School of Lithotomy has been proposed. It was a period when Norfolk's economy underwent several changes of fortune. At the beginning Norfolk agriculture was in a flourishing state and the county exported more corn than the rest of England combined; during the Napoleonic War of 1793-1813, though exports fell, the price of corn soared and the income of the land-owning class rose. But the land-owning employers had no sympathy for their labourers' needs and farm-workers' wages were inadequate to provide the necessities of life, even when corn commanded famine prices. Wages fell further when an agricultural depression recurred after Waterloo and farm-workers and others emigrated by boatloads from Great Yarmouth and other ports to Canada and America. Agricultural prosperity slowly returned in the 1830s and Norfolk built up its production of corn and meat but it was unable to meet the mounting competition from the Argentine, Canada and America in the late nineteenth century and from 1880 to the beginning of the First World War experienced a severe agricultural depression.8 The prosperity of Norwich varied with the economic climate of the agricultural community of which it was the centre and Norwich had in addition economic problems of its own with which to contend. Possessing no local resources of iron and coal and showing a reluctance to introduce machinery, the city's staple industry of weaving succumbed to increasing competition from overseas and from the West Riding of Yorkshire. As a result of playing no role in the Industrial Revolution Norwich had by 1801 dropped to eleventh place in the population The Norwich School of Lithotomy for cities and towns in England and was to fall still lower during the nineteenth century. The decline in weaving brought industrial decay and poverty to Norwich and in the 1830s many of its citizens emigrated with their country neighbours. But one branch of the textile industry, silkweaving, survived, shoemaking succeeded weaving as the staple industry of Norwich and many light industries of diverse character became established during the century, greatly assisted by the vigorous local growth of banking and insurance.74 By the end of the nineteenth century Norwich had regained something of its former prosperity but for the greater part of 1772-1909, the years of the Norwich School of Lithotomy, the economy of the area was in straitened circumstances. But by somewhat of a paradox, when Norwich was at a low level of economic decline in the early years of the nineteenth century, the city became something of an intellectual centre. Eastlake (1793-1865) , President of the Royal Academy. There seems little doubt that the close association of these medical men, and others on the hospital staff, with the intellectual coterie that thrived inNorwich at the turn of the eighteenth century did much to influence the high standard of medicine that was practised at the Norfolk and Norwich Hospital after its opening in 1772.
When the Norfolk and Norwich Hospital was first built it contained one hundred beds of which about eighty were usually occupied. The 
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The Norwich School of Lithotomy variations. At Cambridge one in 1,650 admissions was for stone, at Manchester one in 557 and at Newcastle-upon-Tyne one in 287, and there were other returns given. The highest was that at Norwich where the figure was one in 55 admissions. The Norwich figures were provided for Dobson by John Manning, one of the first physicians appointed to the hospital, and were based on records showing that out of its first 3,016 admissions 55 had been cases 'cut for stone'. This was the first statistical study to suggest that Norfolk might have the highest incidence of bladder stone in Great Britain, but the hospital admission rate was affected by many factors and only suggests but does not prove that the incidence among the population was also the highest. The factors affecting the hospital admission rate in different areas included not only the local prevalence of stone but the skill and aptitude of the hospital's surgeons for lithotomy, the local standards of diagnosis of bladder stone and the readiness with which the local population was prepared to enter hospital for operation at a time when the surgeon's knife was justly feared. 
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A. Batty Shaw that in either Scotland or Ireland. Another outcome of Smith's inquiry was that in 1820 there were about two hundred lithotomies in Great Britain of which almost a half were performed in London.82 Smith's figures for Scotland were challenged by Hutchinson in 1830 who pointed out that if the incidence of stone in Scotland were calculated on a population basis and not on the basis of the number of stone cases in relation to the total hospital admission rate then bladder stones could be shown to be more common in Scotland than England; among the reasons to which Hutchinson attributed this discrepancy was the aversion of some Scottish surgeons to lithotomy 'lest their reputation suffer in the event of failure '.83 Hutchinson made use of the figures from the national census which was first carried out in 1801 and from then onwards it became possible to relate the number of lithotomies and known bladder stone cases to a population figure and not to the hospital admission rate. John Yelloly, a physician to the Norfolk and Norwich Hospital," made such a study in two detailed reviews of the Norwich stone cases before the Royal Society in 1829 and 1830.A In his analyses Yelloly found, as had Smith in the West Country, that there was a marked local variation in the number of known stone cases and often between two adjacent hundreds in Norfolk; he observed that the incidence of stone was higher in east than west Norfolk and was twice as common among those who lived in Norwich as those in the county of Norfolk. Between 1772-1828 there had been 128 stone cases from Norwich and 447 from Norfolk admitted to the hospital. Norwich then had a population of 50,000 among whom the annual incidence of stone was 1:21,000 compared with an incidence of 1:38,000 among the rest of Norfolk where the population was 301,000. These figures for incidence were both considerably higher than the national incidence of stone for England and Wales as a whole which Smith The last regional study between 1772-1909 of the incidence of bladder stone in different areas of Great Britain was carried out by William Cadge of Norwich in 1874 and was the most thorough of the period.88 In the detailed tables which accompany his paper Cadge recorded the Registrar-General's figures for the mortality from stone in Great Britain between 1866-71 and analysed the figures by counties and in relation to population figures. He also wrote to the senior surgeon at eight London teaching hospitals, the Edinburgh and Glasgow Royal Infirmaries, and to 'nearly all' the provincial hospitals in Great Britain for the number of lithotomy cases admitted to them between 1867-73. As evidence of the care he took in collecting his figures, Cadge ascertained the county of origin of the cases admitted to the London hospitals so that he could relate the total hospital admission figures to those of the population figures for the areas from which they came. Cadge found that the figures from the Registrar-General's returns and those from the hospital study 'agreed fairly'. Among his results was that although the absolute number of stone cases in Norfolk was exceeded in areas of larger population, the incidence of bladder stone in Norfolk hospitals and from the Registrar-General's returns when related to population figures was the highest for any county in Great Britain. The claim that Norfolk had the highest incidence of stone in Great Britain was thus firmly established but the study was 91 They were preserved in a 'nest of drawers provided by the apothecary' and this needed successive enlargement over the years to house the increasing number of stones. At the present time the main collection is stored in eighteen drawers, each approximately three by two feet in size, in a wooden cabinet in the hospital's department of pathology. Other drawers in the cabinet contain gallstones, renal stones, about sixty bladder stones presented to the hospital from outside donors, together with the miscellania that are often to be found in a historical collection of pathological specimens such as a large renal stone from a horse and a bladder stone from a pig.
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A. Batty Shaw calculi, such as that in the Hunterian Museum at the Royal College of Surgeons of England which was largely destroyed during an air-raid in 1941, and in areas where bladder stone is still endemic e.g. Thailand,92 but it is thought that the Norwich collection is unique as a complete collection of the stones from one hospital over 137 years (1772-1909) at a time when bladder stone was endemic in Britain and throughout Europe.
The hospital registers contain records of 1,498 cases of bladder stone of which all but ten, autopsy specimens, were removed by operation. Out of the 1,498 cases, stone specimens survive from 1,453 and these are either single stones, multiple stones or the fragments removed by lithotrity or litholapaxy so that the actual number of stone in the collection is greater than 1,453. The total number of stone specimens in the collection at the Norfolk and Norwich Hospital is 1,657. The difference of 204 (1,657 minus 1,453) is accounted for by sixty bladder stone specimens presented to the hospital for its museum collection, housed in the same cabinet, and 144 stone specimens in a separate cabinet that were removed by William Cadge, surgeon to the Norfolk and Norwich Hospital from , in his private practice.9"
The collection of sixty stone specimens presented to the hospital's museum reveal from their labels some points of interest. Fifty came from Norfolk or north Suffolk and the remainder from other English counties e.g. Yorkshire and Middlesex, and three came from India. The local stones were often given to the hospital's museum after they had been shown at meetings of the Norwich Pathological Society held at the hospital between 1848-66 or of the Norwich Medico-Chirurgical Society which succeeded it in 1867 and the cases are recorded in the minute books of these societies.94 Some of the specimens were obtained at autopsies performed by members of these societies but a number are recorded on their labels and in the minute books as lithotomy specimens from operations by local practitioners.95 Another source which provides details of stone cases operated upon by local East Anglian practitioners is the catalogue of the pathological exhibition at the Annual General Meeting of the British Medical Association held at Norwich in 1874.96 The hospital's collection of then 'upwards of 1,200' stone specimens was on display together with a number of other local collections.97 The largest of these, numbering 143 stones, was of those removed by three members of a Norwich practice, C. M. Gibson, E. Lubbock and R. E. Gibson-a collection which will be referred to again. Such specimens show that the stone figures from the Norfolk and Norwich Hospital do not take into account 
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The Norwich School ofLithotomy those cases operated on outside the hospital but Cadge estimated that in 1874 the annual number removed in this way was small as was the number removed at the smaller hospitals which arose at Great Yamouth, King's Lynn and Lowestoft during the nineteenth century.'O The term 'Norwich Collection of Stones' is used to describe the 1,498 stone cases referred to in the hospital registers and occurring in the practice of the Norfolk and Norwich Hospital." The details of these stone specimens given in the stone registers are more legible and reliable than the labels appended to the specimens in their cabinet; from the entries in the stone registers the following analyses of the collection have been made.
The number of stone cases in decennial periods is shown in Table 1 and Figure 1 together with the distribution of cases between patients above and below the age of ten years. It will be seen that an average number of sixteen cases of bladder stone was admitted annually to the hospital from 1772-1909. There was a fall in the number of cases admitted between 1832-1851, a slight rise from 1862-82 mainly accounted for by a rise in older cases and then a fall from about 1880 onwards. The explanation for the drop in figures between 1832-51 is that one of the physicians to the hospital at this time, Edward Lubbock, was keen on surgery and performed a great number of off 0ag
The Norwich School of Lithotomy lithotomies in private houses and nursing homes upon patients who should properly have been referred to a surgeon at the hospital. Furthermore Lubbock, as was the custom of the time, was also in general practice and his partner, C. M. Gibson, was also a keen lithotomist. Gibson was an able surgeon who performed twenty successive lithotomies without a death but was unsuccessful in several applications that he made for the appointment of surgeon to the hospital because his nonconformist religious views conflicted with the beliefs of the hospital's governors. This reason is somewhat surprising in an area where the nonconformist religion was strongly entrenched and where his Unitarian beliefs did not prejudice the appointment of Philip Meadows Martineau to the staff in 1777. It is said to have been the reason by Shepherd Taylor,100 a later physician to the hospital, though Lubbock's unpopularity with the surgical staff of the hospital may well have prejudiced the election of his partner to the staff. Lubbock's collection of 85 stones and C. M. Gibson's of 51 were those that were displayed after their deaths at the British Medical Association meeting at Norwich in 1874 by the latter's son, R. E. Gibson, who added seven stones that he himself had removed. The activities of Lubbock and Gibson 'so depleted the supply of cases to the hospital that only one or two were admitted during several years'0l1 and this is well brought out in Figure 1 where it can be seen that there was a steady fall in the number of cases in the three decades between 1822 and 1852.
An analysis of the Norwich stone cases by age and sex is shown in Table 2 and Figure 2 , where the ages given are those at which operation was performed and not when the symptoms from stone first developed. This analysis demonstrates the significant sex difference of bladder stone, only 53 out of the 1,498 cases occurring in females. The greatest number of cases occurred between 0-10 years of age and the second highest number between the ages of 60-70 years. The proportion of older patients with bladder stone was found to be higher in the Norwich series than those from any other centre in Britain at the time of Thompson's report of 186387 and from 1863-1909 the proportion of older cases increased still further.
The weights of the first 1,408 stone specimens in the collection, divided into the years 1772-1834 and 1835-97, are given in Table 3 . This table and the additional analysis given beneath it show a progressive fall in the average weight of each stone specimen, attributable to earlier diagnosis in the later period. A feature of the Norwich stones that strikes a contemporary observer is their large size, especially of those removed from children. However they appear small when compared with a photograph published in 1967 of the gigantic bladder stones removed from children, and adults, at Ubol Hospital, Thailand, during the previous decade.92
In 1776 the foundation of the chemical analysis of bladder stone was laid by Carl Scheele of Sweden when he identified uric acid (bezoardic acid; lithic acid) from a human urinary stone. It was thought for a time that all urinary tract calculi consisted of uric acid and hence its synonym of lithic acid, but in 1797 William Hyde Wollaston, a leading English chemist and the son of a vicar of East Dereham, Norfolk, gave Table 3 together with the weights of the second 704 stone s ens. A fall in weight of the stones between the first and second periods can be seen. The same point can be made in another way. The average weight of the first hundred stones was 8.6 Apothecary drachms (33.7 g.), of the second one hundred 7.7 Apothecary drachms (27.6 g.) and of the next four hundred stones 5.9 Apothecary drachms (23.2 g.).
pupil William Prout.10" The first chemical analysis of the Norwich collection of stones was made by Henry Reeve, physician to the Norfolk and Norwich Hospital from 1808-14, but the results of his findings have not survived.'" Reeve also made a significant contribution to the chemical study of bladder stone through a stone that was removed from his younger brother when five years of age; his brother later had a recurrence of stone from which he died. Reeve sent the first stone for analysis to Wollaston who found it consisted of cystine as did one which had been sent to him from Guy's Hospital; the description which Wollaston published of these two specimens was the first recognition of cystine stone.105 A second and more detailed analysis of the Norwich collection of stones was conducted by Yelloly 
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A. Batty Shaw supposed chemical constituents which are found to be non-existent by modern analytical methods and in other ways.'06 Modern methods of analysing urinary tract stones employ the techniques of mineralogy, including the use of the polarizing (petrographic) microscope and X-ray diffraction methods. A recent study of bladder stones from a number of collections, including that at Norwich, has been carried out using crystallographic methods by Lonsdale and her colleagues at University College, London.107 The results of this analysis of the Norwich stones have been given in a series of papers by Lonsdale's group;'08 they broadly confirm a number of Yelloly's findings, such that uric acid was the main constituent of the adult stones, but reveal a number of different and additional results. It is only possible to make reference to the findings of this important work but among the most interesting has been that analysis of the stones from Norfolk children of two centuries past has proved similar to that of stones removed from children of the twentieth century in Thailand, Turkey and India, countries where areas exist in which bladder stone is still endemic.
THE NORWICH SURGEONS AND THEIR OPERATIONS FOR STONE
In Table 4 Gooch."' Donne performed most of the early lithotomies at the hospital, the total number being 173, for which he had a mortality of 1:7. Nothing is known of his medical training and he is not known to have written any papers. He is said to have
The Norwich School ofLithotomy John Green Crosse (1790-1850), appointed to the surgical staff of the hospital in 1823, records that he first used to hold the urethral staff for Martineau at lithotomies; in the same way Martineau had assisted Donne and these two examples illustrate how the art of lithotomy at Norwich was handed on from one generation to the next. The son of a Suffolk yeoman, Crosse studied in London, Dublin and Paris before settling in Norwich. In 1833 he was awarded the Jacksonian Prize of the Royal College of Surgeons of-England for an essay on 'The Formation, Constituents and Extraction of the Urinary Calculus', based on a study of the records of bladder stone at the Norfolk and Norwich Hospital together with an account of his own experiences and findings. Though Crosse was one of the most able of the Norwich surgeons during the nineteenth century he only performed fifty-two lithotomies during his twenty-five years on the surgical staff of the hospital. This was due to his appointment as surgeon being in the main parallel with that of Edward Lubbock as physician. Lubbock, with his partner Gibson, deprived the hospital of many stone cases which should properly have been operated upon by Crosse and the surgeons contemporary with him. Crosse's Jacksonian Essay published in 1835, was the surgical counterpart of Yelloly's papers of 1829 and 1830;85 among its features was a bibliography of over 2,700 references, the longest list that has been found in any British work on urinary calculus.123 Crosse was a man of great intellectual and surgical ability and his industry was prodigious. For his contributions to surgery he was elected a Fellow of the Royal Society and a full account of his life and times, based on personal diaries and case-books, has been written by his grand-daughter, Dr The operative procedures that were carried out for the removal of bladder stones are given in Table 5 and Figure 3 . Though several procedures were employed, it will be seen that 1,125 out of the 1,488 cases (75 per cent) were dealt with by the operation of lateral lithotomy, so Norwich was truly 'a school of lithotomy'. Lateral lithotomy was carried out by the technique described by Cheselden with minor modifications such as those of Martineau.19 In 1936 Sir D'Arcy Power wrote of lateral lithotomy as an operation which 'occupied a prominence in surgery which has seldom been held by any other operation before or since . .. it would be attended by all members of the surgical staff of the hospital . . . it was the show test of a successful surgeon .. . the end was glorious, a surgical feat amounting almost to legerdemain'.'32 This description conveys the spirit in which lithotomy was performed at Norwich and described in the writings of its surgeons.
During the first half of the nineteenth century there was some criticism of lateral lithotomy; it was an operation not without morbidity and mortality especially among those not skilled in its execution, so alternative procedures were introduced. Instead of widening the prostatic urethra with a knife, it was claimed that it could be less dangerously enlarged with a fluid dilator containing mucilage. 
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The Norwich School of Lithotomy A. Batty Shaw living inland, for this he had found to be his experience.'26 Norfolk's geology was examined and the belt of chalk upon which it stands, or the resultant hardness of its water were blamed. Others incriminated the beer which was made from native barley and drunk in large quantities and Cadge thought the main reason was the inadequate supplies of milk in Norfolk.'25 The factor which attracted most attention was the Norfolk diet. As has been pointed out Norfolk experienced economic depression for a great deal of the period between 1772-1909 and N. Riches is among those who have given a description of the very low standard of living of the Norfolk agricultural workers which resulted.8 The poverty of the Norfolk agricultural worker and his diet were particularly well described in 1830 by William England, a doctor who was born in Norfolk and who practised for a time as physician to the Norwich Guardians' Dispensary. England firmly believed that a defective diet explained the high incidence of bladder stone in Norfolk.'" In addition to its shortage of milk England pointed out that the Norfolk diet contained little cheese, bacon, fats, meat or vegetables and consisted largely of cereal products.'45 Yelloly doubted if a high farinaceous diet was the sole explanation for the high incidence of stone in Norfolk for such a diet was common in other rural areas of England in the early nineteenth century, when he was writing, and such areas did not experience a high incidence of stone.85 Aninherited diathesis towards bladder stone was another theory put forward and the medical history of the Walpoles and the consanguinity of many Norfolk families were cited as supporting evidence. But when bladder stone disappeared from Norfolk at the beginning of the nineteenth century the climate, water supply and geology of Norfolk did not change and frequent intermarriage between Norfolk families continued. The general standard of living and the people's diet did improve and therefore the explanation of the county's high incidence of stone on the basis of a dietary factor appeared the only one among the early theories put forward that might withstand the test of time. The bladder stones in Norfolk were mainly examples of primary bladder stone, a condition mainly affecting children, known since the dawn of civilization and described in all continents of the world. The Norfolk bladder stones occurred when the condition was endemic throughout Europe and there are no grounds for thinking that their aetiology was different from elsewhere but there must have been a reason why they were more common in Norfolk than in any other British county.
The presence of only fifty-three female cases among the 1,498 stone cases in the Norwich series illustrates the well-known sex difference in the incidence of bladder stone. This has been known since the time of Hippocrates who wrote that 'female children are less liable to stone because the urethra is short and wide and the urine is passed easily . . . in males it is not straight and it is narrow as well'."46 Conversely the high incidence in boys is brought out by the Norwich figures. Forty per cent
The Norwich School of Lithotomy (604) occurred in patients, predominantly male, below the age of twenty years and many of the stone cases in the older age groups, where the age denotes that of operation, may be regarded as cases where the stone had first formed in childhood. This point is illustrated by the history of the forty-eight-year-old gardener from Poringland whose bladder stone was removed by Harmer and Gooch in 1746. The gardener had experienced symptoms of stone since infancy and Gooch remarked that he was 'searched and should have been cut' at the age of eight years;66 there will have been other examples of bladder stone among the Norwich cases where the stone was present for forty or fifty years before operation was undertaken. The presence of an additional aetiological factor in the older cases is indicated by the bi-modal form which the columns in Figure 2 display with a peak in the 60-70 age group. This second peak reflects the role which prostatic gland enlargement played in the aetiology of the Norwich series of stones. Bladder stones at the present time are mainly encountered in the presence of bladder outflow obstruction, most commonly due to prostatic gland enlargement; it therefore tends to be argued that prostatic gland enlargement was the sole explanation for stones among the older age groups in the past. But the presence of an additional factor, possibly the same factor that produced the high incidence of stone among the young age groups, is strongly suggested by Figure 4 which shows not only the disappearance of bladder stone in children in Norfolk at the beginning of the twentieth century but also a fall in the number of stone cases among patients of all ages. This fall occurred when the population had increased, when medical services had become more generally available and they were of a higher standard. Such argument only applies to the 'hospital class' of pre-1948 patients. Among the higher social classes there again appears to have been a factor, other than prostatic gland enlargement alone, to account for the high incidence of bladder stone in the older age group. The stones differed in composition from those among the 'hospital' patients and the generally-agreed explanation for their high incidence among older men of the upper social classes from the seventeenth to nineteenth centuries is that given by Lonsdale-'a high-protein, unbalanced diet with wrong kinds of drink [water was in any case not safe] and to insufficient exercise. They [the stones] have largely disappeared with the disappearance of gargantuan meals'.147 Another difference between bladder stone in the 'hospital' class and the upper social classes was that stone 'never' occurred in boys of the upper classes whereas it was so frequent among boys of the 'hospital' class. This cannot be shown from the Norwich figures which refer only to hospital patients but Cadge, with his extensive surgical practice, had only encountered one case of bladder stone in a boy from the upper classes and this boy had always refused to drink milk. 125 The demonstration that a bladder stone consists of uric acid or cystine may be of value in indicating the aetiology of the bladder stone but the chemical analysis of primary bladder stones at Norwich and elsewhere has yielded disappointing results in shedding light as to why primary bladder stone occurs. In the sixty years since the Norwich stone register was closed the aetiology of primary bladder stone has been assiduously studied both experimentally and among patients who live in those parts of India, Turkey, Thailand, etc. where bladder stone remains endemic but still the
